I. CHARGE-TRANSFER EXCITON IN A 2D LATTICE
To model the CT exciton dynamics in organic donor-acceptor bulk heterojunctions, we employed a two-dimensional (2D) square lattice model with a lattice spacing of a, which has been used by others and in our previous works, [1] [2] [3] and each lattice site schematically represents a donor or acceptor organic molecule. The 2D lattice consists of 600 donor sites and 600 acceptor sites, represented in Fig. 1(a) of the main text by blue and red circles, respectively, and they are separated by a linear interface. The electron and the hole occupies an acceptor site and a donor site, respectively, and the energy of the resulting electron-hole pair is given by
where
is the LUMO energy of the acceptor site, E
HOMO D
is the HOMO energy of the donor site, and When the Coulomb attraction between the electron and hole is comparable to the thermal energy, they can be considered as free charges. If the thermal energy is characterized by k B T , where k B is the Boltzmann constant, we define the Coulomb capture radius as
When r > r c , the electron and hole are considered separated, and the CT exciton is dissociated.
II. KINETIC MONTE CARLO SIMULATION
The spatial dynamics of the electron-hole pair was modeled using the kinetic Monte Carlo (KMC) method. At each KMC step, we allow either the electron or the hole, but not both, to hop to its nearest-neighboring sites stochastically, and the possible new electronhole configuration has the energy of E . The hopping rate of the electron-hole pair then is determined by the Miller-Abrahams formula, [4] widely used for single charge migration:
where ν is the normalized hopping frequency, and β = 1/k B T . When the electron and hole are on the adjacent sites at the interface, namely the electron-hole pair being the interfacial CT exciton, they may recombine with a decay rate of k c . The values of parameters, KMC simluations for individual trajectories were carried out for 100 µs (about three times of the observation time window in the experiment) unless we terminated the KMC trajectories earlier due to the radiative recombination. The electron and hole were initiated adjacently at the interface (i.e., starting as an interfacial CT exciton), and 100000 KMC trajectories were harvested for each energetic disorder, σ, to compute the CT exciton dissociation yield, estimated from the fraction of trajectories for which r > r c at the termination of KMC simulations. The convergence of the results with respect to the lattice size, the KMC simulation time (within a reasonable time window), and the number of realizations of disordered lattice configurations has been verified. It is worthwhile to mention that our simulation attempts with the three-dimensional lattice gave similar results, but led to faster relaxation in transient spatial broadening of the photoluminescence signal compared to the two-dimensional lattice, making the agreement with experiment less satisfactory.
III. AVERAGE HOPPING RATE
The general formula to compute an average hopping rate with the Miller-Abrahams formula is given by Eq. (10) in the main text. Explicitly, P (E i , E j ) can be expressed as
where f (E) is the Gaussian distribution function of E = E (vert) + E (Coul) with a standard deviation of √ 2σ due to the Gaussian distributed vertical energy gap, and g(E) is a thermal population function defined by
where β = 1/k B T , B is a tuning parameter, and A is a normalization factor to ensure
It is evident that with B = 1, g(E) is the equilibrium Boltzman distribution, whereas with B = 0, g(E) is a uniform distribution, meaning that there is no thermalization at all. With the Miller-Abrahams formula in Eq. (3) and some algebraic manipulations, the average transition rate is given by
where ∆E [3] Deotare, P. et al. Nanoscale transport of charge-transfer states in organic donoracceptor blends.
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